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CRUSH PROTECTION FOR AN OPENABLE MOTOR VEHICLE ROOF 



Background of the Invention 

Field of the Invention 

[0001] This invention relates to an openable motor vehicle roof with a movable roof 

element for selectively closing and at least partially clearing a roof opening, a body-mounted 
frame component which extends over at least one edge area of the roof opening, a seal element 
which is located in the area of the frame component, and against which the roof element rests 
when the roof opening is being closed, an electric motor drive for moving the roof element, and 
a monitoring means which is coupled to the drive and which evaluates the drive parameters 
derived from the drive and turns off and optionally reverses the drive when it is recognized using 
the evaluation of the drive parameters that there is a interfering body between the roof element 
and the edge area of the roof opening. 

Description of Related Art 

[0002] In motor vehicles, for closing elements, especially electrically actuated windows, 

automatically closing doors or electrically activated rooves, roofe^ which are actuated by an 
outside force, two types of crush protection devices are used, as is explained^ for example* in EP 
0 870 892. 

[0003] In one type of crush protection, pressure-actuated sensor elements are used 

which are provided on eeeji closing edge and which* when exposed to pressure* turn off or 
reverse the drive of the closing element. In another type of crush protection* information about 
possible crushing is taken from the power data of the drive unit for the closing element. In 
particular, the motor current tapped on the drive or the torque delivered by the drive motor can 
be monitored, and both rise in the case of crushing. Furthermore, via evaluation of the motor 
revolutions and/or rpm of the drive the position and/or speed information can be evaluated with 
respect to the adjustable roof element in order to implement obstacle detection. If predetermined 
boundary values of the respectively interrogated parameters are not reached or are exceeded, the 
drive unit is turned off* and optionally* the direction of motion is reversed. 

[0004] Especially for motor vehicle rooves roofs in which the movable roo f element 

rests against a seal element at the end of its closing motion rests against a seal element * crush 
protection of the latter type often cannot be reliably implemented since the change of the drive 
parameters caused by the crushed interfering body is superimposed on the change of the drive 
parameters which is caused by the deformation of the seal element. Especially for motor vehicle 
roov es rook in which the roof element for closing the roof opening pivots from overhead against 
the body-mounted frame, as is the case* for example* for externally guided sliding rooves but 
roofs and also for convertible reeves roofs* the problem ffiereevef ^also arises that the roof 
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element strikes the interfering body at a relatively acute angle so that the interfering body does 
not abruptly block the motion of the roof element, but rather leads to gradual jamming of the 
roof element; this is not necessarily interpreted as crushing of the interfering body by the 
monitoring means which is coupled to the drive. 

Summary of the Invention 
[0005] The A primary object of this invention is to devise a motor vehicle roof of the 

initially mentioned type which more reliably recognizes the presence of the interfering bodies 
than existing crush protection devices and with which especially smaller crushed bodies are 
more reliably recognized. 

[0006] In a motor vehicle roof of the initially mentioned type, this is achieved as 

claimed in accord ance with the invention in that o n the - r oof e l eme n t there is a stop surface on 
the roof element for detecting an interfering body and that the motor vehicle roof is made such 
that, if there is a interfering body between the edge area of the roof opening and the roof element 
when the roof opening is being closed, the stop surface comes into contact with the interfering 
body before the roof element engages the seal element. Because the stop surface of the roof 
element comes into contact with the interfering body before the roof element engages the seal 
element, the increase of the force caused by driving of the roof element as a result of the 
crushing of the interfering body can be clearly distinguished from the increase of force caused 
by compression of the seal. This is especially advantageous for small interfering bodies in which 
the roof element compresses the seal more strongly before the interfering body can cause the 
drive to be turned off. 

[0007] Preferr e d c o nfigura tion s o f the inven ti on wi l l bec o m e apparent from the 

dependent claims. 

[00084 hi particular, this invention is used in motor vehicle roove s roofs in which, when 

the roof opening is being closed, the motion of the roof element has a component perpendicular 
to the roof surface, especially for those in which the roof element rests from obliquely overhead 
against the seal element when the roof opening is being closed. In these motor vehicle rooves 
roofs, the seal element accepts relatively great deformation since it must produce not only the 
compressive force for making available a sealing action, but also must allow the pivoting-in 
motion of the roof element. Therefore, especially for these motor vehicle roo v es roofs it can 
happen that the interfering body is immersed merges into the sealing element so that when the 
roof element is being closed the change of the drive parameters caused by the deformation of the 
seal element is superimposed with the signal change caused by the roof element striking the 
interfering body. Examples of these motor vehicle roofs are especially externally guided sliding 
rooves roofs (so-called ASD roov e s roofs ), spoiler roov e s _ roofs and convertible rooves. roofs. 
[0009 000$ ] Preferably, the stop surface j^ mjeg^ jibove Jhg _roof gjenien t in the direction of the 
closing motion of the r o of element p r o j ects a bov e the roof element. This results in that the stop 
surface strikes the interfering body at an obtuse angle so that a clear increase of force is achieved 
on the drive which can be clearly recognized by the monitoring means. 

[00*000091 The stop surface can be made especially as an edge which projects in the area of 
the front edge of the roof element. In particular, the stop surface can be made as an extension of 
the front edge of the roof element in the direction of the closing motion of the roof element. 
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[QO44 0011> ] The production cost of the motor vehicle roof as- clai med in accordance with the 
invention can be minimized when the stop surface is simply foamed onto the roof element. In 
particular, when the roof element has peripheral edge foaming, for example, when the roof 
element is the transparent cover of a glass roof, the stop surface can be integrated into the 
peripheral edge foaming so that it is produced at the same time without an additional working 
step by suitable shaping of the foaming tool when the roof element is foamed. 
[004 20011 ] Preferably^ the motor vehicle roof is designed to detect interfering bodies up t o „ of 
a thickness of up to 4 mm or less, measured in the closing direction of the roof element. 
Advantageously, the motor vehicle roof is made here such that* without m a king av ailable 
providin g additional crush protection systems which work with sensors, crushed bodies can be 
reliably detected as is prescribed in current safety standards, especially in U S U.S. standard 
FMVSS 1 1 8 and EU Guidelines 74/60, 2000/4 and ECE R2 1 . 

[004 30012 ] As in the known crush protection devices, the monitoring means can be 
furthermore also designed to detect the current consumed by the electric motor drive, the torque 
delivered by the drive, the number and direction of revolutions of the driven shaft of the drive, 
the rpm of the drive and/or the positioning speed of the roof element. The detected drive 
parameters can then be compared to given setpoints in order to stop or reverse the drive when 
the respective setpoint is exceeded or not reached. 

[004 40013 ] Preferred embodiments of the invention are detailed explained in detail below 
with reference to the att aehed . accompanving drawings. 

Brief Description of the Drawings 
[QQ143 Figure 1 s h ows is a schematic perspective front view of a motor vehicle roof 

with the cover closed; 

[OQI53 Figure 2 show* is a schemat ic perspective front view of the r e pr e sentation as 

motor vehicle roof shown in Figure 1 with the cover completely opened; 

[0016] Figure 3 sh o w s is a ^eetien _sectional view through the front edge of the motor 

vehicle roof a s c l aim e d i n accordance wirii the invention with an interfering body crushed; 
[0017] Figure 4 shows is a seerion sectional view similar to that of Figure 3 through a 

motor vehicle roof according to the prior art, and 

[0018] Figures 5 to 7 *hew are sectional views sim ilar to that of Figure 3 but showing 

modified embodiments of the motor vehicle roof a s shown in Fi gure- ^ of the invention. 

Detailed Description of the Inventio n 
[0045 0019 ] The motor vehicle roof 10 shown in Figure 1 comprises a wind deflector louver 
14 which is pivotally located above the windshield 12, a movable cover 16 which is located 
behind #H*the wind deflector louver 14, and a fixed roof pane 18 which adjoins the closed cover 
16. Laterally, the wind deflector louver 14, the cover 16 and the roof pane 18 are each bounded 
by a side member 20. 

[0046 0020 ] In the closed state as shown in Figure 1, the motor vehicle roof 10 off e r s 
provides a completely smooth appearance. Although the cover 16 can be moved to the rear over 
the fixed roof pane 18 (see. Figure 2) to clear the roof opening 22, guides located above the 
fixed vehicle roof 10 are not necessary for this purpose. To raise and move the cover 18 to the 
rear, the cover 18 is supported rath e i jnstead by means of laterally coupled support levers 26 
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which can be moved in guides located below the level of the fixed roof skin and which, upon 
upward emergence to the top, partially displace a flexible seal element 28 which is located 
between the side members and the components 14, 16, and 18. As shown in Figure 2, the cover 
1 8 is raised at its rear edge 24 and moved over the fixed roof surface 18 to clear the roof opening 
22 w it h its r ear edge 24,, The opening size for the roof opening 22 is maxim u m maximized 
when the cover 16 - more ove r is also raised with its front edge 30 over the level of the fixed roof 
surface. 

[0017 0021 ] Figure 3 shows a section through the motor vehicle roof as shown in of Figure 1 
in the area of the front edge of the roof opening 22. Figure 3 shows one an embodiment in 
which, instead of the raisable wind deflector louver 14, there is a window element 32, with a 
roof frame 34 surrounding the roof opening 22 being connected to its underside. In this 
connection, along the front edge of the roof opening 22, there is a seal element 36 in the roof 
frame 34 against which the cover 16 rests when the roof opening 22 is being closed. As is 
indicated by the broken line 42 in Figure 3, the front edge 38 of the cover 16 moves on a path 
which is directed obliquely dowft downward with reference to the fixed roof surface when the 
cover re^t s is brought to rest against the seal 36. 

[0018 0022 ] Furthermore, Figure 3 shows a test bar 38 by means of which crushing of an 
article between the front edge 30 of the cover and the front edge of the roof opening 22 is 
simulated when the cover 16 is being closed. Figure 3 shows the state in which the test bar 38 is 
pressed by the front edge 30 of the cover 16 against the fixed roof frame 34 and is completely 
immersed into the seal 36 in doing so. Since, in this state, the drive parameters of the electrically 
driven cover 16 clearly change, especially the torque delivered by the motor, the motor current 
delivered by the drive motor and the motor revolutions and the rpm of the drive, a monitoring 
means coupled to the drive of the cover 16 can detect crushing, stop the drive and initiate 
reversal of motion of the cover 16 in order to release the test bar 38 again. As can furthermore be 
seen in Figure 3, on the underside of the front edge 30 of the cover 16, there is a stop surface 40 
in the form of a projection which projects in the direction of the closing motion of the cover 16, 
i.e., along the broken line 42. The manner of action of the projection 40 is d e tailed explained in 
detail below using Figure 4 which shows a v i ew s imilar to Figure 3 of a known motor vehicle 
roof r in a view similar tojthat of Figure 3. 

[001^022] In the conventional roof as shown in Figure 4, the cover 16 is made as a 
component which is flat with the exception of a bulge 44 to which the support levers for raising 
the cover are connected, and which rests against the seal 36 when swivelling int o the ro o f 
ope nin g 2 with the underside of its front edger4f4tt against t he seal 36 w hen swung into jhe roof 
opening* . 2. In such a roof, if there is a test piece or a crushed body in the area of the front edge 
of the roof opening, such a crushed body, especially when it is relatively small, cannot be 
reliably detected by the drive of the cover 16. This can be attributed, on the one hand, to the 
motion of the front edge of the cover which is pointed obliquely down, and which tries to yield 
to the front when it strikes the test bar 38, i.e., to slide onto the test bar. Due to the sliding 
increase of the crushing force, an insufficient reaction on the electric motor drive which could be 
detected by the crush protection system takes place. It is even more serious that, for a relatively 
small crushed body, the front edge 30 of the cover 16 strikes the seal 36 and deforms it before it 
strikes the test bar 38. Therefore, the increase of force which can be established on the drive and 
which is caused by the unintentional crushing of a crushed body cannot be clearly distinguished 
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from the braking of the cover caused in normal undisrupted operation of the motor vehicle roof 
when plunging into the seal 36. 

[0030 0024 ] This invention devises a remedy here in a very simple, but extremely effective 
manner by, as shown in Figure 3, the^e the stop surface 40 being on the cover 16 for detecting 
the interfering body 38 a stop surface 4 0 which comes into contact with the interfering body 38 
before the cover 16 engages the sealing element 36. Depending on the geometry of the frame 34 
and the seal 36* small crushed bodies 38 can be detected by the corresponding configuration of 
the projection 40. In order to prevent the stop surface from sliding onto the test piece 38, as is 
the case in existing rooves roofs (see Figure 4), the stop surface 40 is preferably arranged such 
that it projects in the direction of the closing motion 42 of the cover 16 so that it strikes the test 
piece 38 at an angle that is as oblique as possible. 

[0034 0025 ] Veniion t j . Other versions of the stop surface 40 are shown in Figures 5, 6 and 7 in 
views similar to Figure 3. Preferably^ the stop surface 40 is made in one piece with the front 
edge 30 of the cover 16. This can be easily accomplished especially for covers which have 
peripheral foaming^ for example^ of PU foam by suitable shaping of the foaming tool. 
[0033 0026 ] With the concept proposed here, especially also smaller crushed bodies which 
were often not correctly detected by existing crush protection systems, can be detected. By 
earlier detection accomplished by means of the stop surface, moreover the reliability of the 
system is increased. The concept proposed here is especially suited for use in motor vehicle 
rooves roofs in which a movable roof element is placed from overhead or from obliquely 
overhead against a seal element, such as* for example* for externally guided sliding rooves roofs 
(ASD r ooves roofs ). Making available relatively expensive direct crush protection systems 
which operate with sensors can thus be circumvented by a relatively simple geometrical 
configuration of the front edge of the cover. 
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Refer e nce number Hst What is claimed is; 
+0 — — motor vehicle r o o f 

4-3 windshield 

44 wind deflector louver 

+6 cover 

-1-8 fixed roof pane 

30 side member 

33 ro o f o pening 

34 rea r ed g e of 1 6 

36 supp o rt lever 

3$ sealing element 

$q front e dg e of 16 

33 front fix e d e lement 

34 r oo f fram e 

36 s eal elemen t 

38 t est pie ce 

40 projectio n 

43— path of motion of 30 

44 co up li n g p oint for the r ai s i n g l ev e r 
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Claims 



1 1 Qpenable 
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Abstract 

An „openable motor vehicle roof (40) with a movable roof element (16) for-select-ivety 

closing and which at least partially clearin g clears a roof opening fg^-k bounded by a body- 
mounted frame component (34) whic h exten ds over at l e ast one edge area of the roof opening, a 
s ea l element (36) w hi ch i s located in the area of the frame c ompo ne n t, which a _s eal element is 
located and against which the roof element rests when the roof opening is being closedr-an . An 
electric motor drive for moving the roof element is monitored and a monitoring means which is 
coupled to the drive, whi ch e va luat e *-~the d rive pa r amet ers deriv e d from the drive a n d tu rns 
turned off and optionally r eve rs es the drive, reversed, when i t is recognized usi ng t he eva l uatio n 
of the dr ive parameters that th er e is a interfering body {3£} Js detected between the roof element 
and the edge area of the roof opening , characterized in that . A stop surface is provided on the 
roof element (1 6) the r e is a stop surface (40) for detecting an interfering body and the 

motor vehicle roof fl-Q) bei ng is made such that^ if there is a interfering body between the edge 
area of the roof opening £22) and the roof element when the roof opening is being closed, the 
stop surface comes into contact with the interfering body before the roof element engages the 
seal element (36), £ 

2r- Openable motor ve hic l e roof as claimed in claim U in whi ch t h e m otio n of the roof 

e l e ment (16) when the roof op e ning (22) is being clos e d ha s a compon e nt perpendicular to th e 
roof surface. 

— jlr- Openable mot o r ve h icl e roof as claim ed in claim 2. in which the roo f el e m e nt (16) 

rests from o bli q uely overhead against the seal element (3 6) w h e n t he roof o p e nin g (22) is - being 
cl os ed. 

4, Openabl e moto r vehicl e r oof as cl aimed in one of the pr e c e ding claims, in which there 

is a roof opening (22) in the fixed roof surface and the roof element (16) is pushed above the 
fixed roof surfac e (18) to clear the roof opening. 

5-r Openable mo tor vehicle roof as cl ai m ed i n on e of t he prece d in g- claim s, in wh i ch t he 

stop surface ( 40 ) in the direct ion o f t he c lo s ing m otion ef4h e ro of element (16) pro j ects ab ove 
the roof eleme nt 
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6. Op e nabl e motor vehicle roof as claimed in one of the preceding claims, in which the 

stop surface (10) is mad e esp e cially as an edge which proj e cts in th e area of the front e dge (30) 
o f the ro o f el ement ( 1 6h 

7r~Q penah l e m oto r ve hicle r oof as claimed in claim 6, in which the stop surface (40) is 

ma de as an -e xtension of the front edge (30) of the r o o f element (&>) i n the d ire ctio n o f th e 
closing motion of the roof e le m ent, 

8. Op e nable motor vehicle roof as claimed in claim 6 or 7, in which in the clos e d 

position of the roof element (16) the seal element (36) in th e lengthwis e direction of th e motor 
ve hicl e l ies behi nd the sto p surface ( 40)r 

9. Openable motor vehicle r o of as claimed in o n e o f th e preceding claims, in wh i ch the 

s t o p su rfa ced 4 0) extend s-e ssenti ally over the entire width of the roof opening (22), 

10. Openabl e moto r vehi cle roo f a s claimed i n one of claims 5 to 9, in which the s to p 

surfac e (40) is foamed onto the root e lement (16). 

14- Openable m o tor veh i cle roof as claimed in claim 10. in - which die ro of eleme m-f^) 

has periphera l e d g e foaming into which die s top s u rfa ce (16) i s in t egrated. 

f^r- O p ena ble moto r vehicl e roo f as claime d i n on e~o f the pr ec edi ng cl ai ms, wh ich i s 

design ed t o d etect interfering bod i es (38 ) up to a - thickness of u p t o 4 -m m mea sured in the 
elosing dire et- io n of the r oof elem e nt ( 1 6). 

13. Op e nable motor vehicle roof as claimed in one of the preceding claims, in which the 

monitorin g m e ans is desig ne d t o - detect the-euH^ent-^ensumed by the e lec tr ic mot or driv e , the 
torque-deli vered by the drive, the numh er-a nd dire c ti o n o f r ev olu ti o n s of the drive n sha ft o f the 
drivi? T the rpm of the dr i ve and/or t h e positionin g speed of the r oof el em enH4~64r 
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Abstract 



An o p enable m ot o r vehicle roof (10) with a movable r e ef e l emen t (16) is descr ib ed f o r 

se l ect i vely cl o sing and a t least p a rt iall y clea r ing a roof opening (2 2); w i t h a- body mo unt e d 

f rame comp one n t (3 4 ) whic h- e xt ends over at l east one edge area of th e- ro o f o pe nin g, a sea l 
elem ent (3 6) w h ich is located in th e area of t h e fram e -comp o n e n t a n d against which the roof 
e lement re s ts when the roof opening is being closed, an ele ctric m otor dri v e for moving the r oo f 
e lement and a m onitoring means which is c oupl e d to the driv e , wh i ch e va lu at e s th a-Awe 
paramet e rs derived from di e driv e and turns off and optionally revers e s th e drive, when it is 
r e cognized using the evaluation of the drive parameters that th e re is a interfering body (38) 
between the ro of el ement a nd th e ed ge area of the roof opening. A s claime d in the inven tion on 
the roof ele m ent (16 ) th e r e i s a-^top s u r face (40 ) fo r d etectin g an i nterferin g bod y - (38), and the 
meter- veh i cle r o of ^ 10 ) i s ma d e such that if there is a interf e ring body between the edge a r ea of 
the roof open i ng (22) and the ro o f e l em ent when the roof opening is being closed, the step 
s u rfa c e comes int o c on tact with the int e rf e ri n g b ody bef o r e th e r oof elem e nt en g ag es the se al 
elem ent (3 6 ); 



(Figure 3 ) 



